Abstract Ascochyta blight [Ascochyta rabiei (Pass.) Lab.] is the most destructive disease of chickpea (Cicer arietinum L.), but it can be managed effectively by the use of resistant cultivars. Therefore, a breeding programme was initiated during 1977-78 at ICARDA, Syria, to breed blight-resistant, high-yielding chickpeas with other desirable agronomic traits. Crosses were made in main season at Tel Hadya, Syria, and the F1 s were grown in the off season at Terbol, Lebanon. The F 2, F 4 and F 5 generations were grown in a blight nursery in the main season where blight epidemic was artificially created. The plants and progenies were scored for blight resistance and other traits. The F 3 and F 6 generations were grown in the off season under normal day length to eliminate late-maturing plants. The pedigree method of breeding was followed initially, but was later replaced by the F4-derived family method. The yield assessment began with F 7 lines, first at ICARDA sites and later internationally. A total of 1584 ascochyta blight-resistant chickpea lines were developed with a range of maturity, plant height, and seed size not previously available to growers in the blight-endemic areas in the Mediterranean region. These included 92 lines resistant to six races of the ascochyta pathogen, and 15 large-seeded and 28 early maturity lines. New cultivars produced 33% more seed yield than the original resistant sources.
Introduction
Chickpea (Cicer arietinum L.) is the third most important pulse crop in the world, but it ranks first in the Indian subcontinent and the Mediterranean basin (F.A.O. Production Yearbook 1994) . Its average yield of 700 kg ha -1 is below potential. One reason for the low yield is the susceptibility of the presently grown cultivars to ascochyta blight [Ascochyta rabiei (Pass.) Lab.] . Ascochyta blight is the most destructive disease of chickpea, especially in north-west India, Pakistan, West Asia, North Africa, southern and eastern Europe, and the U.S.A.; these areas contribute twothirds of the world chickpea production (Nene and Reddy 1987) . Nene and Reddy (1987) compiled information from seven countries on yield losses to chickpea caused by this disease; they ranged from 10 to 100% under natural epidemics. In Syria, which has a typical Mediterranean climate, Reddy and Singh (1990a) have reported yield losses of up to 100% in susceptible cultivars and up to 10% in resistant cultivars under artificial epidemics.
Because of severe damage caused by blight to chickpea, farmers in the Mediterranean Basin sow the crop during the spring at the end of winter rains, and, indirectly, this causes severe loss in yield. The winter sowing produces 50 to 100% more seed yield than spring sowing, provided the crop is protected from blight (Singh and Hawtin 1979; Singh 1990) . It is, therefore, important to control blight to increase chickpea productivity in both the spring and winter seasons. Cultivation of resistant cultivars is the most practical method of blight management; chemical control is neither economical nor feasible due to the prevalence of prolonged weather conditions favourable to the disease. Chickpea lines with resistance at the vegetative stage, and given fungicide protection at the reproductive stage, could ward off blight to a great extent (Reddy and Singh 1990b) . But this method is also not recommended at the present low yield level. Singh (1987) reviewed the work on chickpea breeding for blight resistance. Most of the earlier-bred resistant cultivars could never withstand the epidemics, mainly due to a low level of resistance (Singh and Reddy 1991) . Hence such cultivars were not adopted by farmers on a large scale. Recently, however, evaluation of the world collection of chickpea germ plasm has resulted in the identification of lines with high and broad-based resistance to blight (Singh et al. 1981; Reddy and Singh 1984; Singh and Reddy 1993) . Many lines also have resistance to multiple races and at multilocations (Singh and Reddy 1990; Reddy et al. 1992; Singh and Reddy 1993) . However, these resistance sources were late maturing, with a small pea-shaped seed, and were thus not acceptable in major chickpea-growing countries.
As we have seen, farmers in the Mediterranean region sow their crop in the spring to escape damage from ascochyta blight; and in the Indian subcontinent chickpea is actually being replaced with other remunerative crops, such as wheat. Consequently, yield in the Mediterranean Basin has remained static for several decades while in north-west India and Pakistan production has been reduced by half. To reverse this situation, it was decided to breed cultivars with resistance to ascochyta blight. A breeding programme was thus initiated jointly by ICRISAT and ICARDA at Tel Hadya, Syria, in 1977-78 to develop chickpea cultivars with resistance to ascochyta blight and with a high seed yield. This paper presents the results of this programme.
Materials and methods
The ascochyta blight-resistant parents for crossing were selected on the basis of their performance in the blight nursery at 1CARDA and in multilocation evaluations in the blight-endemic countries. These were ILC 72, ILC 182, ILC 187, ILC 194, ILC 200, ILC 2380 , ILC 2506 , ILC 2548 , Most of these lines were resistant to blight in multiple-location evaluations, but none was resistant at all sites (Reddy et al. 1992) and to all races ofA. rabiei Reddy 1990, 1993) . These lines were late in maturity and had a small seed size. Initially, germ plasm lines were used as resistant parents, but recently breeding lines with resistance and other desirable agronomic attributes have been used as well. Additional information on resistant lines is available with the authors and can be obtained on request. The complementary parents were selected mainly for earliness, large kabuli-type seed, and high yield (Singh and Reddy 1991) . Most crosses were made in the main season which extends from November to June at Tel Hadya, Syria. Between 1978 and 1991, 5895 crosses were made (see Table 1 ). The F~s were advanced in the off season at Terbol under extended day light to facilitate the maturation of late types. The F2, F 4, F 5, and F 6 generations were evaluated in the ascochyta-blight nursery sown in the winter at Tel Hadya (Reddy and Singh 1984) . The F3 and F6/F 7 generations were again advanced in the off season under normal day length at Terbol, Lebanon, to eliminate the latematuring types.
The segregating materials were inoculated with chickpea blight diseased-debris alone from 1978 to 1983. From 1984 to 1988 they were inoculated with the diseased-debris and a spore suspension of a mixture of four races of A. rabiei. From 1989 onwards, diseaseddebris and a spore suspension of a mixture of six races was used (Reddy and Singh 1984; Reddy and Kabbabeh 1985) . The humidity in the screening nursery was raised to more than 60% by sprinkleror mist-irrigation. The segregating materials were interplanted systematically with susceptible cultivars (ILC 1929 or ILC 263) after every 2-10 rows and around the experimental plot. The repeated susceptible checks at Tel Hadya were killed by blight in all 14 years except in 1984-85 and 1987-88 , indicating the effective selection for blight resistance in segregating material.
One high-yielding and moderately resistant cultivar (ILC 482) and one resistant cultivar (ILC 3279) were also planted along with the breeding materials after every 20 rows in an augmented design. Final observations on blight severity were recorded on a 1-9 scale at maturity (Singh et al. 1981) .
No selection was made in F 1 generation. In F2s, the selection was made mainly for blight resistance. F3s grown in the off season were screened to eliminate late-maturing plants. Selections in F4s were made mainly for blight resistance, tall plant height, early-maturity, large seed size, and high seed yield potential. In the F2 and F 4 generations, plants susceptible to cold were rejected at Tel Hadya, because cold tolerance is an important attribute for adaptation in the Mediterranean region. In the F 5 to F 7 generations, selections were made for blight resistance and other agronomic traits, and the superior, blight-resistant, and high-yielding homozygous progenies were bulked. The bulked seeds were increased in the off season, and yield trials were conducted from the F 7 generation onwards. Usually, 30 seeds per cross was grown in F 1. The population size of the F2-F 4 bulks was about 2000 plants. In the Fs-F 6 generations the progenies were sown in single 4-m rows (40 seeds). Details of the materials grown in each season are given in Table 1 .
The pedigree method was used in the early years (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) . In later years (I 985-1992) , the bulk-pedigree method was followed, in which the materials were grown in bulks until the F 4 generation. Single-plant selections were made in the F4, and F4-derived F5 progenies were grown. The promising and homozygous Fs/F 6 progenies were bulked and 500 seeds of each bulked line were grown in the off season for seed increase and further purification. The F7/Fs-derived lines were evaluated in preliminary yield trials in both winter and spring seasons at two locations in Syria (Tel Hadya and Jindiress) and at one location in Lebanon (Terbol), mainly for seed yield, plant height, seed size, maturity, protein content, and blight resistance in both field and greenhouse, against the mixture of six races. The lines selected in the F 7 yield trials and resistant to blight were made available to national programmes for evaluation under local conditions through the ICARDA International Legume Testing Program.
During the 1990-91 season, 1344 blight-resistant breeding lines developed between 1980 and 1989 were re-evaluated for resistance to ascochyta blight by inoculating them with diseased debris and a spore suspension of a mixture of six races. Only 117 lines were resistant to six races. During the 1991-92 season, the above 117 lines and 240 lines which were developed during 1990 and 1991, together with 19 blight-resistant germ plasm lines and four high-yielding land races, were evaluated for yield under blight and blight-free conditions. An alpha design with two replications was adopted. Because of the large number of entries, the plot size was two rows of 2.5 m length spaced at 45 cm apart. The experiment was conducted in two adjoining fields. One set was protected from ascochyta blight by repeated sprays of the fungicide chlorothalonil (tetrachloroisophthalonftrite) at the rate of 0.8 kg a.i. ha -1. Another set was inoculated with diseased debris and a spore suspension mixture of the six races. Observations were recorded on: days to 50% flowering and maturity, plant height, biological yield, seed yield, and 100-seed weight under both conditions. In diseased plots, data were also collected on ascochyta blight severity on a 1-9 scale, where l=free from disease damage and 9=all plants killed (Singh et al. 1981) . Due to poor stands, data were not collected on three of the lines.
Data were analyzed following the alpha design developed by Paterson and Williams (1976) . The analysis of variance for other experiments was done following Gomez and Gomez (1984) .
Over the 14-year period (1977-78 to 1990-91) , 5895 crosses involving ascochyta blight-resistant germ plasm lines and lines with early maturity, large kabuli-type seed, and high yield, were made (Table 1) . Out of about 400 crosses made each year, 25% of the crosses involved one backcross with a high-yielding parent. From the material that resulted from these crosses, 1584 ascochyta blight-resistant breeding lines were developed and furnished to ascochyta-blight endemic countries for further selection under local conditions and for possible release as cultivars.
Performance of blight-resistant lines under diseased and disease-free conditions Three hundred and fifty seven resistant breeding lines, 19 resistant germ plasm lines, and four high-yielding blightsusceptible land races were evaluated under diseased and disease-free conditions during 1991-92. No disease was noted in the fungicide-protected plots, whereas the disease developed in epidemic form in the inoculated plots; the susceptible check lines planted after every nine test entries 511 were killed. The mean seed yields under diseased conditions were 1813, 1363, and 386 kg ha -1 for resistant breeding lines, resistant germ plasm lines, and susceptible highyielding landraces, respectively (Table 2) , and the differences in yield were statistically significant. Under diseasefree conditions, the corresponding mean seed yields were 2698, 2141 and 2956 kg ha -1 (Table 3 ). These results showed that an overall 33% improvement in yield has been achieved in resistant germ plasm lines through breeding, and that landraces cannot usefully be grown under diseased conditions.
The yield performance of the ten highest yielding breeding lines, one each of the highest yielding germ plasm line and landrace under diseased and disease-free conditions, is shown in Fig. 1 . Improvement in yield through breeding over resistant parental lines and susceptible land races is again shown. Under disease-free conditions, some resistant breeding lines produced over 4000 kg ha -1 yield, whereas the highest yields of the germ plasm line and landrace were 2865 and 3410 kg ha -1, respectively. Under diseased conditions, the gain in yield of the resistant breeding line over the highest-yielding landrace was 142%.
Correlations of seed yield under diseased conditions with other characters are shown in Table 4 . Seed yield was significantly (P<0.05) correlated with ascochyta-blight re- sistance; the higher the resistance, the better the yield. Seed yield had the highest correlation of r=0.829 (P<0.01) with biological yield. Whereas ascochyta-blight resistance was significantly correlated with late maturity and plant height in resistant germ plasm lines, it had no association with maturity and plant height in resistant breeding lines. This is an important achievement of breeding because seed yield in chickpea is strongly correlated with earliness. The mean seed yields (kg ha q) of lines in different ascochyta-blight susceptibility classes on the 1-9 scale were: for class 2=1895 (one entry), 3=1847+27 (316 entries), 4=1564+64.2 (52 entries), 5=1158_+100 (five entries), 6=779_+136.7 (two entries), 8=0 (three entries), and 9=0 (one entry). There were no entries in classes 1 and 7. The seed yield was the highest in class 2; and there was a con- where AB is the ascochyta-blight score (1-9). The graphical relationship is presented in Fig. 2 . The seed yield of chickpea declined by 340 kg ha -1 with an increase in blight severity by one class on the 1-9 scale.
Blight-resistant large-seeded kabuli lines
Out of 357 breeding lines, 92 lines with resistance to six races of blight, both in field and greenhouse, and with typical kabuli seed, were identified. Ten large-seeded lines are shown in Table 5 . The seed weight of these lines was 40-75% heavier than in resistant germ plasm lines. This has been achieved by crossing resistant germ plasm lines with large-seeded high-yielding susceptible lines. Some of these 92 lines, such as FLIP 84-124C, FLIP 90-96C, FLIP 91-19C, FLIP 91-28C and FLIP 91-62C, have a higher level of resistance than the original sources of resistance used in hybridization. These have resulted mainly from transgressive segregation in crosses between resistant or among moderately resistant breeding lines and germ plasm lines. ILC 72 was the most frequent parent in crosses resulting in blight-resistant kabuli lines. This line also showed broad-based resistance to blight in multilocation evaluation (Reddy et al. 1992) . It was the resistant parent in 8 out of the 92 blight-resistant lines developed. Another parent that was frequently represented in selected crosses was ILC 3870, a tall and blight-tolerant line. High-yielding, blight-susceptible lines, which frequently appeared in the parentage of newly developed breeding lines were ILC 215 (seven lines), ILC 1920 and ILC 1919 (six lines each).
As the breeding materials were exposed to diseased debris and spore suspensions of mixtures of the six races of the pathogen, the resistance in these lines is expected to be broad-based. The earliest line among the resistant germ plasm lines was ILC 2380, taking 132 days to 50% flowering under Tel Hadya conditions. The days to 50% flowering in other resistant lines ranged from 133 to 141. Through hybridization, 28 lines were developed with blight resistance and earlier flowering than the earliest of the resistant germ plasm lines and ten of them are shown in Table 5 . The days to 50% flowering in these 28 lines ranged from 129 to 131 days. These have the same, or earlier, maturity than the highest-yielding blight-tolerant germ plasm line ILC 482 (132 days) and the locally adapted Syrian local (131 days). The development of early lines was possible due to use of a early maturing parents, such as ILC 1919, and use of the off-season screening facility. The decreasing day-length in the off season (July-Oct) helped in the elimination of photoperiod-sensitive lines. The lines with blight resistance and early maturity will be valuable in chickpea-producing regions at lower latitudes which have short growing seasons, and will be useful for spring sowing in the Mediterranean region.
Blight-resistant early maturing lines
A major achievement of the breeding programme was the development of early maturing lines with blight resistance.
Discussion
A large ascochyta-blight resistance breeding programme was initiated at ICARDA, Syria, during 1977-78. Twenty (ICARDA 1994) .
With the identification of six physiological races of A. rabiei in Syria and 13 races in the West Asia-North Africa region, efforts were made to develop cultivars with durable resistance. We have observed that if a line is resistant to multiple races, it is also resistant at multilocations and may exhibit durable resistance. We have bred 92 lines with resistance to six races. It is expected that such lines, when grown on a large scale, will substantially increase the seed yield, and consequently chickpea production, in the region.
Four major components have led to the successful breeding of ascochyta blight-resistant chickpea lines at ICARDA. First, the development of an easy and reliable large-scale field screening technique has allowed the breeding of cultivars on a planned basis rather than on opportunistic breeding in years of blight epidemics. This technique has also been adopted throughout blight-endemic areas, facilitating a multilocation evaluation of lines. Second, the availability of sources of resistance to multiple races has permitted the development of cultivars with longer life spans. Third, the identification of physiological races has enabled testing of breeding materials against the prevalent races of the pathogen. Fourth, blight-resistant high-yielding cultivars have encouraged European and north American breeders to introduce chickpea cultivation in non-conventional areas. This venture is expected to further increase world chickpea production.
The development of chickpea cultivars with blight resistance has made it possible to sow the crop during winter in the Mediterranean basin with the potential for a doubling of chickpea production (Singh 1990) . It is estimated that 125 000 ha were sown with blight-resistant cuttivars during the 1993-94 winter season in the Mediterranean environments. Farmers have harvested up to 4 t ha -1 yields on large plots and have used fertilizer and herbicide (Saxena 1990). Usually, chickpea growers are reluctant to apply such inputs due to low and uncertain yields.
When the ascochyta blight-resistant breeding programme was initiated in 1977-78, selection for resistance was made from the germ plasm collections maintained in the gene bank. These resistant lines were also evaluated for yield performance by national programmes. ILC 482 was resistant to ascochyta blight with a high yield and was therefore released in seven countries as cultivars . But ILC 482 appeared susceptible in Morocco and Syria in years favourable to disease development. It has now been replaced by cultivars possessing multiplerace resistance. It is expected that FLIP 83-48C and FLIP 84-92C in Morocco and FLIP 82-150C in Syria will have a more durable resistance than ILC 482. We have initiated a project to pyramid genes for resistance for use in the breeding programme in the hope that cultivars with more durable resistance will be developed in the future. In this, we are using molecular-assisted selection for ascochytablight resistance.
